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Abstract. D-H type II radio bursts arc widely thought to 
be caused by the coronal mass ejections (CMEs). However, 
it is still unclear where the exact source of the type lis on 
the shock surface is. We identify the source regions of the 
decameter-hcctometric (D-H) type lis based on imaging observa- 
tions from SOHO/LASCO and the radio dynamic spectrum from 
Wind/Waves. The analysis of two well— observed events suggests 
that the sources of these two events are located in the interaction 
regions between shocks and streamers, and that the shocks are 
enhanced significantly in these regions. 

1 Introduction 

Type II radio bursts, especially in the decameter- 
hectometric (D-H) and kilometer (km) wavelength range, 
are thought to be caused by the electron beam accelerated by 
. ISheelev et~ail 1 19851: iReiner et all 



CME-driven s hocks 
Il998l : iBale et 



], Il999l |. Assuming that the type II radio 
burst was excited at the shock front, the speed of the shock 
could be obtained from the observed frequency drift rate of 
the type II radio burst based on a coronal-density mo del [e.g. 
IVrsnak et all l200ll: iGopalswamv and Kaiseil I2OO2I: Vrsnak 
et al. l2002l: iReiner. Kaiser, and Bougeretl. l2003l: Vrsnak, 
Magdalenic, and Zlobec. |2004 . This method is widelv used 
to study a nd forecast the propagation of shocks [e.g. Drver 
and Smart. Il984l: ISmith and Dr-Jei . Il990l: iFrv et all l2003l : 
IReiner. Kaiser, and Bougeret , l2007t . I Shen et al .1 |2007t es- 
tablished a method to derive shock strength from the obser- 
vations based on the assumption that type II radio bursts 
were generated from the nose of shocks. 

However, whether or not type II radio bursts originate 
from the nose of shocks is still an open question. As a high- 
density region, the streamer was thought to be a place where 



strong shocks easily form [Evans et all I2OO8I ]. Thus, the 
shock-streamer interaction region was disc ussed as a possi- 
ble source region of type II radio bursts [e.g. lCho et g/.LIioOSl . 
[2007. 2008, 20jJ. Using the coronal-density distribution 
obtained from the Man na Loa Solar Obse rvatory ( MLSO ) 
MK4 polarization map, ICho et "all [2007l | studied the rela- 
tionship between a metric type II burst and a CME. They 
found that the metric type II burst was generated at the 
inter face of the CME flank and the streamer. Further. Cho 
et al. [2OO8I I checked the source regions of 19 metric tvpe II 
radio bursts and found that both of the front and the CME- 
streamer interaction regions are the possible source regions 
for the metric type II radio bursts. In addition, the shock 
and streamer interaction could also affect the spectru m of 
the type II radio burst. Recently, iKong et al\ [2012l | and 
iFeng et al\ [2012b| reported two clear cases where the spec- 
trum of type II radio bursts varied during the interaction 
between the shocks and the streamers. 

However, the discussion of the source regions of the type 
II radio bursts in the decameter-hectometric (D-H) wave- 
length range i s still lacking. The spectrum of RAD2 on 
Wmd/Waves [Bougeret et all Il995t is from 1 to 14 MHz 
corresponding to the corona region from »i2 Rq to ~9 
Rq. The C2 camera of t he Large Angle and Sp ectromet- 
ric COronagraph (LASCO: lBrueckner et al] [l995l |) onboard 
the solar and Heliosvheric Observatory (SOHO: Domingo 
et al. [l995l |) provides the imaging observations from 1.5 
Rq to 6 Rq. Thus, the combination of Wind/Waves and 
SOHO/LASCO-C2 observations could be used to study the 
source regions and the variation of type II radio bursts at 
the D-H wavelength range. In this article, we check source 
regions of two well-observed D-H type II radio bursts. The 
method applied in this study is introduced in Section 2. In 
Sections 3 and 4, two typical D-H type II events and their 
source regions are studied. Conclusions and discussions are 
then given in the last section. 



2 Method 

In this work, the source region of the D-H type II ra- 
dio burst is obtained from the combined analysis of the 
Wmd/Waves and SOHO/LASCO observations. The de- 
tailed method is described as follows: 
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Previous results suggest that type II radio bursts es- 
pecially in the D-H and longer w avelength range are 



caused by t he CM E-driven shocks [Reineret a|. 



Bale et a;.l. Il999ll. Recentlv, IVourhdas et al.\ [2003t and 



19981 : 



Ontiveros and VourlidasI [2009l | found that shocks could 
be directly observed in coronagraph images. We use 
S0H0/LASC0-C2 observations to identify the position 
of the shock front, called Sgj^^^j^ hereafter. It is thought 
to be the possible source region of type II bursts. 



ii) The fundamental frequency of a type I I burst is rela ted 
to the background electron density by [Priestl . Il982| : 



fpejHz) 

8.98 X 10» 



,2 -3 

cm . 



(1) 



Therefore, the electron density of the source regions 
of the type II could be obtained from the radio burst 
dynamic spectrum. Using the pbjnverter.pro proce- 
dure in Solar Software (SS^mB) , the polarized-brightness 
observations from SOHO/LASCO could be used to 
get the background electron density distribution. The 
pbjnverter.pro p rocedure uses the p B inversion deriva- 
tion obtained bv Ivan de Hulsd |l95d |. A polynomial fit 
of the form r~" is applied to the pB image for a sin- 
gle position angle to get the electron density distribu- 
tion (see the introduction of the 'pbjnverter.pro' in the 
SSW). Thus, the possible regions, called as Sp, which 
can generate the type II radio bursts at the observed 
frequency range at the time of shock observed, can be 
determined. In addition, considering a 2% uncertainty 
in the brightness observations (Vourlidas, 2012, private 
communicate), a 2% uncertainty in the obtained elec- 
tron density was applied to find the Sp. 

iii) The overlap region of the shock front (Sgj^Q^j,) and the 
derived density region (Sp) is defined as the source re- 
gion of the type II radio burst. 

Based on the method described above, to determine the 
source region of a D-H type II radio burst, we need the 
polarized-brightness image and the direct imaging observa- 
tions of the shock from SOHO/LASCO and the D-H type II 
radio-burst observation from Wind/Waves. Thus, we select 
events based on the following criteria: 

i) A clear type II radio burst was recorded by 
Wind/Waves. 

ii) The burst was caused by a limb CME with clear shock 
signatures in the LASC0-C2 field of view. We re- 
quire limb CMEs because the polarized-brightness im- 
age represents the background coronal-density distribu- 
tion near the plane of the sky, and the shock driven by 
a limb CME should have the most clear signatures in 
coronagraph. 

Conforming to these two criteria, two well-observed events 
were found for study in this article. 



^http: / / www.lmsal.com / solarsoft/| 



3 7 March 2011 Event 

Figure [1] shows the SOHO/LASCO observations before 
and after the onset of this CME. On 7 March 2011, a 
limb CME originating from N24W59 was first observed by 
S0H0/LASC0-C2 at 20:00 UT. The orange * symbols in 
panel (b) of Figure [T] show the possible front positions of 
this CME at 20:00 UT. Using the CCS model [ Thernisien. 
Howar d, and Vourlidas'n200qr'T h ernl^ien^ and 
Howard l2009l : iThernisienl. 1201 ij . IShen et al] [20121 ] ob- 
tained the speed of this CME as 2115 ± 136 km s~^ in 
the three-dimensional space. This is a very fast CME with 
a speed much faster than the local Alfven speed, and there- 
fore LASCO-C2 only captured three images of the CME. We 
can expect that this CME drove a shock when it propagated 
in the corona. 

Seen from panel (c) and (d) in Figure [TJ obvious shock 
signatures ahead of the main body of the CME could be 
identified. The orange * symbols in panel (c) and (d) of 
Figure[T]mark the shock front at two instants of time. As we 
described in Section 2, the shock front, Sgj^Q^j,, is thought to 
be the possible source region of the associated type II radio 
burst. 

Figure [2] shows the Wind/Waves observations from 7 
March 2011 19:50 UT to 21:00 UT. From Figure [1 an ob- 
vious type II radio burst could be identified. The vertical 
dotted-dashed white lines in Figure [5] indicate the times of 
the shock recorded by SOHO/LASCO-C2. Seen from this 
figure, the signature of the type II radio burst at 20:12 UT 
is very weak. Near 20:22 UT, this type II radio burst be- 
came stronger, and lasted for about ten minutes. The white 
asterisks show the minimum and maximum fundamental fre- 
quency of this D-H type II radio burst at the time of 20:24 
UT, which are 4.6 and 7.4 MHz corresponding to the electron 
density of 2.6 x 10^ cm""^ and 6.8 x 10^ cm""^, respectively, 
based on Equation [T] 

Figure [3] shows the background electron-density distribu- 
tion obtained from the polarized image at 08:58 UT. The 
white regions in Figure [3] are caused by the unsuccessful de- 
termination of the density. It is clearly seen in the figure that 
the electron density varies significantly with position angle. 
This suggests that a simple one-dimensional density model 
may not reflect the real condition. The regions, i.e. Sp, in 
which the electron density falls in the range from 2.6 x 10^ to 
6.8 X 10^ cm~^, are indicated in red. The type II radio burst 
near 20:24 UT were probably generated from these region. 

The position of Sgj^^^j^ based on coronagraph observations 
is overplotted with yellow * on Figure 3. As we discussed in 
Section (2] the source region of a type II radio burst is the 
overlap region between the Sgj^^j,]^ and Sp. For this event at 
7 March 2011 20:24 UT, the source region is located in the 
region indicated by the blue rectangle. 

The white -I- symbols in Figure [3] show the boundary of 
the streamer, which is determined from the SOHO/LASCO 
image before the onset of the CME as indicated by the green 
-|- in Figure ma). It is found that the source of this type 
II radio burst is located at the shock-streamer interaction 
region. This result suggests that the type II radio burst 
at the D-H frequency range might also originate from the 
shock-streamer interaction region, sim ilar to the metric type 
II radio bursts |Cho et aU [2007I . l2008t . 

In addition, at 20:12 UT, the shock was also very clear 
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Figure 1: The S0H0/LASC0-C2 observations for the 7 
March 2011 event. Panel (a) shows the polarized-brightness 
image. Panels (b) - (d) show the CME at different times. 
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Figure 2: The Wind/Waves observations of 7 March 2011 
19:50 UT to 21:00 UT. 
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Figure 3: The electron-density distribution obtained from 
the polarized-brightness image from SOHO/LASCO for the 
7 March 2011 event. 

in the SOHO/LASCO-C2 image (Figure Ic), but, the type 
II signature was much weaker than that near 20:24 UT. We 
suggest that such a difference is probably attributed to the 
degree of interaction between the shock and the streamer. 
From Figure [ijc) , it seems that the shock did not fully in- 
teract with the streamer at 20:12 UT. But, at 20:24 UT as 
shown in Figure [lid), a part of the CME-driven shock was 
propagating in the streamer obviously. The interaction be- 
tween the streamer and the shock enhanced the shock and 
then the enhanced shock increased the intensity of the type 
II radio burst. 

4 9 May 2011 event 

This CME burst from the east limb of the solar disk. 
S0H0/LASC0-C2 observed it since 21:24 UT. It was a fast 
limb CME with a projected speed of 1318 km s~^. Figure^] 
shows the SOHO/LASCO observations before and after the 
onset of this CME. It is found that the shock structure ahead 
of the CME could be well observed and identified at 21:24 
UT, 21:36 UT and 21:48 UT based on SOHO/LASCO-C2 
observations. The orange * symbols in panels (b) - (d) show 
the shock front at three instants of time, which are defined 

^ ^shock- 

A D-H type II radio burst associated with this CME is 
shown in Figure[Sl It started at ^21:15 UT. At 21:24 UT, the 
type II radio burst was very weak and is difficult to identify. 
The half of the frequency of its harmonic component, which 
varied from 2.5 MHz to 3.3 MHz, is used as the fundamental 
frequency. After 21:24 UT, the strength of this D-H type II 
increased. This radio burst reached its strongest phase near 
21:48 UT. At 21:36 UT, the fundamental frequency varied 
from 1.9 MHz to 2.7 MHz. 

Figure [S] shows the electron-density distribution, which 
is derived from the polarized-brightness image recorded at 
14:58 UT. The regions of Sp at 21:24 UT and 21:36 UT are 
indicated by the red color in panels (a) and (b), respectively. 
Similar to Figure |31 the yellow * symbols indicate Sgj^Q^j,. 
The source regions of this type II event at the two instants 
of time were located in the regions enclosed by the blue rect- 
angles in Figure [6] 

The white + symbols in Figure [6] show the boundary of 
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Figure 6: The electron-density distribution obtained from 
the polarized-brightness image from SOHO/LASCO for the 
9 May 2011 event. 



regions of these two D-H type II radio bursts probably lo- 
cated in the shock-streamer interaction regions, which is the 
same as the source regions of metric type II radio bursts f Cho 



et o/. . 120071. l2008l . 1201 1| . In addition, by analyzing the in- 
tensity variation of these two D-H type II radio bursts, we 
suggest that the shocks were enhanced during their interac- 
tion with the streamer. Such enhancement of shocks would 
increase the intensity of the radio bursts. 

These results indicate that the shock-streamer interaction 
region could also be one of the main source region of the D-H 
type II radio burst. It should be noted that the background 
density in a streamer (or the flank of a shock) is quite dif- 
ferent from that near the nose of a shock. Thus, to calculate 
the shock speed based on the frequency drift rate of type 
II radio burst, a detailed analysis of where a radio burst is 
generated from should be done first. 

As we described in Section [21 the background density ob- 
tained from the SOHO/LASCO polarized-brightness image 
is an important factor in our method. Unfortunately, there 
is only one polarized image taken each day in each telescope 
for most period of the SOHO missior0. Solar eruptions, es- 
pecially the large CMEs, would significantly influence the 
background density. Thus, we choose only the events in 
which no large CME events occurred between the time of 
the polarized-brightness image recorded and the type II ra- 
dio burst. In addition, clear type II radio-burst observations 
and clear shock signatures in SOHO/LASCO observations 
are needed in this method. Combined with these selection 
criteria, the number of events could be studied is limited. In 
a future wo rk, the method developed by Haves. Vourlidas, 
and Howard" [200lf could be used to obtain the background 
electron density based on the total-brightness images, and 
more events could be studied. 

It should be noted that only projection observations were 
used in this work. Recently, some methods were developed 
to obtain the CME^s^^MametersJej^Thernisien, Howard, 
and Vourlida ,s. l2006l: ?]. ba ckgrou nd electron density in the 



[e.g. FYaziiL_ef_ ffln. 201(| an d the streamer struc- 



ture [e.g. [Morgan and Habbal . 2010l | in three-dimensional 
space. Thus, the three-dimensional source region of the 
radio burst could be further checked by applying various 




Figure 4: The S0H0/LASC0-C2 observations for the 9 
May 2011 event as for Figure [1] 
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Figure 5: The Wind/Waves observations from 9 May 2011 
21:00 UT to 22:30 UT, similar to Figure 

the streamer as same as the green -\- in Figure |3{ a). It is 
found that the source regions of this event at different time 
also located in the shock-streamer interaction regions. It 
confirms the conclusion that the shock-streamer interaction 
region might be the source region of a D-H type II radio 
burst. Seen from the Figure|3](b) and (c), it is found that the 
interaction between the shock and the streamer may start 
near 21:24 UT. After that, the shock further interacted with 
the streamer. During this phase, the observed D-H type 
II radio burst enhanced continuously as shown in Figure O 
Thus, the increase of the intensity of this radio burst was 
probably caused by the enhancement of the shock during its 
interaction with the streamer. 

5 Conclusion 

In this work, the source regions of two well-observed D-H 
type II radio bursts are checked based on SOHO/LASCO-C2 
and Wind/Waves observations. It is found that the source 
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three-dimensional models. 
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